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ABSTRACT 


Determination of authenticity of extra virgin olive oils has become very 
important in recent years due to the increasing public concerns about possible 
adulterations with relatively cheap vegetable oils such as sunflower oil, soybean oil, 
sesame oil, corn oil and refined olive oil. Recent developments in Fourier transform 
infrared (FT-IR) spectroscopy instrumentation extend the application of this 
technique to the field of food research, facilitating particularly the studies on edible 
oils and fats. In this work, FT-IR spectroscopy is used as an effective analytical tool 
in order to determine extra virgin olive oil adulteration with sunflower, corn and 
refined olive oils in their binary admixtures in different concentrations (0, 5, 10, 20, 
30, 40, 50, 100% - w/w). The spectral region (1300-1000 cm'!) which contains the 
IR fingerprints of these vegetable oils was found to be very useful in detecting olive 
oil adulteration. A band shift observed at 3009 cm’ assigned to the =C-H stretching 
vibration of the cis- double bond, allows the determination of extra virgin olive oil 
adulteration. The intensities of the spectral bands at 1163 cm’! (assigned to -C-O 
stretching vibration and CH2 bending vibration) increase with increasing adulterant 
concentration. The absorbance ratio (R1118/1097 cm’) decreased with increasing 
adulterant concentration. Also, there was a pronounced shift of the peak at 912.78 
cm (assigned to -HC=CH- cis- double bond, bending out of plane) for pure olive 


oil to higher wave numbers with increasing adulterant concentration. 
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INTRODUCTION 


Olive oil, used since 4000 B.C. by the Mediterranean populations as a food, 
drug, and cosmetic, has been the object of numerous epidemiologic, clinical, and 
experimental studies in the last few decades, confirming its protective action and 
demonstrating how the intuition of ancient Mediterranean populations now has 
scientific backing. Because of increased scientific research, the recognition of virgin 
olive oil's biologic value has notably increased. Currently, we know that in addition 
to olive oil's preventive action in the physiologic aging process in atherosclerosis 
and neoplastic development, it exerts protective action toward the skin with topical 
and dietary use. The Mediterranean diet, which favors the use of fruits, vegetables, 
bread, pasta, fish, and olive oil, has an effective value in the dermo-cosmetology 
sector, making ancient Mediterranean customs more comprehensible, such as the use 
of olive oil on the body after bathing to protect the skin and keep it fresh (Publio 
and Marzia 2009). 


The quality of olive oil ranges from the high-quality extra virgin olive oil 
(EVOO) to the low-quality olive-pomace oil (OPO). EVOO is obtained from the 
fruit of the olive tree (Olea europaea L.) by mechanical press and without 
application of refining processes. Its acidity cannot be greater than 1%. Due to its 
high quality, it is considered as the most expensive type of olive oil. For this reason, 
it is sometimes mislabeled or adulterated. Adulteration involves addition of cheaper 
oils such as sunflower, soybean, corn, and rapeseed oils (Guimet et al., 2005). Also 
addition of nut oils such as hazelnut and peanut oils was reported too (Blanch et al., 
1998). Therefore, more rapid and accurate analytical methodologies are being 
requested for olive oil authentication to be a suitable tool for routine analysis (Allam 
and Hamed, 2007). In this respect, the use of characteristic components such as 
(E)-5-methy]l-hept-2-en-4-one (filbertone), the characteristic flavor compound in 
hazelnuts, has been proposed as a suitable indicator of the presence of virgin 
hazelnut oil in olive oil (Blanch et al., 1998; Guimet et al., 2005; Flores et al., 
2006). However, the usefulness of such compounds to detect adulteration when 


refined oils are involved is quite difficult. 


Another interesting aspect is the possibility of performing rapid and simple 
analysis for screening procedures and confirmatory processes. In these cases, the 
advantages of using Solid-Phase Microextraction (SPME) have already been 
reported (Arthur and Pawliszyn, 1998; Cercaci et al., 2003; Kanavouras et al., 
2005; Flores et al., 2006). Others described an innovative technique based on X-ray 
scattering applied to classify complex organic matrices of different vegetable oils. 
Vegetable oils from corn, canola, soybean, sunflower and olive (extra virgin and 
others) were analyzed and classifications were obtained using information from the 
scattered radiation (Bortoleto et al., 2005). Among the established methods for the 
control of authenticity of olive oil come the powerful separation techniques of gas 
chromatography (Mannina et al., 1999; Abidi, 2001; Andrikopoulos et al., 2001; 
Cercaci et al., 2003; Hilali et al., 2007). High performance liquid chromatography 
(HPLC) techniques have more recently been developed and coupled with ultraviolet 
and mass spectroscopy (Cafiabate-Diaz et al., 2007). By all techniques, certain 
compounds contained in oils are detected, analyzed and used for detecting the 
adulteration of virgin olive oils. 

Spectroscopy was employed successfully in this situation. Nuclear magnetic 
resonance (NMR) spectroscopy is applied successfully to the analysis of mixtures of 
virgin olive oil with oils of different botanical origin (Fauhl et al., 2000; Vlahov, 
2006; Christophoridou and Dais, 2009). Spectrofluorometric methods were also 
reported for detecting the adulteration of olive oil (Guimet et al., 2004; Guimet et 
al., 2005; Guimet et al., 2006). Infrared (IR) spectroscopy in the visible and near 
infrared (NIR) regions showed an excellent potential as an analytical method 
discriminating between extra virgin olive and seed oils (Downey et al., 2002; 
Armenta et al., 2007, Ozdemir and Oztiirk, 2007). 

More recently, FTIR spectroscopy has been shown to be the most powerful 
tool for identification and authentication of edible oils (Tay et al., 2002; Allam and 
Hamed, 2007; Sherazi et al., 2009). 


The present work aimed at the applications of FTIR spectroscopy as a rapid, 
cheap nondestructive, authenticity measuring tool to asses the adulteration of extra 
virgin olive oil with other edible oils such as corn, sunflower and refined olive oils. 
Library searching in the FTIR region is a well established and powerful way which 


was used in comparison and matching of measured spectra. 


MATERIALS AND METHODS 
Materials: 

Extra virgin olive oil was extracted from fresh olive fruits by Oliomio- 
machine then filtered and kept in brown glass bottles at -5°C. Refined olive oil, 
sunflower oil and corn oil samples were purchased locally. According to their labels, 
all the oils used in adulteration were additive-free, refined, bleached and deodorized 
(RBD). Solvents and chemicals used were all of analytical grades. 

Methods: 

Different admixtures of various concentrations (0, 5, 10, 20, 30, 40, 50, 100%) 
of the above used edible oils were prepared (w/w) as binary mixtures with extra 
virgin olive oil. 

Instrumentation and Spectral Data Acquisition: 

A Jasco Spectrum FT-IR Plus 460 Spectrophotometer (Japan) equipped with a 
deuterated triglycerine sulphate (DTGS) detector was used to obtain FT-IR spectra. 
5ul of the sample was pressed between two well-polished KBr disks (liquid cell) 
creating a thin film. Each sample undergoes 64 scans which are accumulated in one 
measurement to acquire a sufficient signal-to-noise ratio. Samples were scanned 
between 4000 and 400cm '! with a nominal resolution of 4cm! and the data interval 
was lcm’. (Allam and Hamed, 2007). 


RESULTS AND DISCUSSION 


Figure (1) shows the typical FTIR spectra of the edible oils used in this study. 
These oils include 100% olive, 100% sunflower, 100% corn and 100% refined olive 
oils. As shown from this figure, it is difficult to differentiate between these oils by 
just visual examination of their whole spectrum. However, a careful investigation of 
the fingerprint region specifically the spectral region (1300-1000 cm’'), revealed that 
there are visual differences in the absorption intensity at 1163 cm’! (assigned to —C- 
O stretching and —CH2 bending) and at 1118 cm' (assigned to —C-O stretching). 
Guillen and Cabo, 1999 mentioned that adulterant oils exhibit some intensity in the 
band around 913-914 cm, whereas intensity and position of band is different for 
olive oil showing very low or no intensity. This band was employed to detect and 


quantify adulteration. 
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Fig. 1. Typical FTIR Absorption spectra (4000-400 cm'') of pure oils 
(sunflower, corn, extra virgin olive and refined olive oils) 


From the spectral data comparison between pure oils, there exist notable 
differences in the band around 3005.52 cm assigned to C-H stretching vibration of 
cis- double bond (=CH). The oil composition affects the exact position of the band 
and yields shifts when the proportion of fatty acid changes. Sunflower and corn oils 
showed exactly identical absorbance at 3008.41 cm!, compared to extra virgin olive 
and refined olive oils which had exactly identical absorbance at 3005.52 cm!. 

Figures 2,3, and 4 display these spectral fingerprints in which one can 
visualize easily that the intensity of the absorption peak at 1163 cm‘! decreases by 


increasing the concentration of sunflower, corn, and refined olive oils , respectively. 
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Fig. 2. Typical FTIR spectra of pure olive oil (top) mixed with different ratios 
(0, 5, 10, 20, 30, 40, 50 and downwards till 100%) of sunflower oil (bottom). 
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Fig. 3. Typical FTIR spectra of pure olive oil (top) mixed with different ratios 
(0, 5, 10, 20, 30, 40, 50 and downwards till 100%) of corn oil (bottom). 
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Fig. 4. Typical FTIR spectra of pure olive oil (top) mixed with different ratios 
(0, 5, 10, 20, 30, 40, 50 and downwards till 100%) of refined olive oil (bottom). 


Table 1. Absorption Intensity (at 1163 cm™') of EVOO in binary admixtures with 
different adulterant oils (SO, CO and ROO) at various concentrations. 











Adulterant oil Absorption Intensity at 1163.83 cm"! 
% EVOO! + SO* EVOO! + CO? EVOO' + ROO* 

0 (EVOO) 0.416 0.416 0.416 
3) 0.445 0.452 0.447 
10 0.455 0.463 0.492 
20 0.509 0.503 0.553 
30 0.653 0.587 0.653 
40 0.708 0.654 0.741 
50 0.907 0.743 0.907 
100 1.329 0.959 1.054 





Table 2. Shift of Absorption Peak (at 912.78 cm'') of EVOO in binary admixtures 
with different adulterant oils (SO, CO and ROO) at various concentrations. 











Adulterant oil Shift of absorption peak at 912.780 cm"! 
% EVOO! + SO? EVOO! + CO? EVOO' + ROO* 

0 (EVOO) 912.780 912.780 912.780 
5 912.780 912.780 912.780 
10 913.129 913.129 912.780 
20 913.129 913.129 913.129 
30 913.129 914.093 913.129 
40 913.129 914.093 913.129 
50 914.093 914.093 914.093 
100 914.093 914.093 914.093 





Table 3. Absorbance Ratios (R1118/1097 cm!) of EVOO in binary admixtures with 
different adulterant oils (SO, CO and ROO) at various concentrations. 











Adulterant oil R1118/1097 cm! 
% EVOO! + SO? EVOO! + CO? EVOO! + ROO* 

0 (EVOO) 1.090 1.090 1.090 
5 1.054 1.080 1.087 
10 1.042 1.066 1.080 
20 1.037 1.058 1.079 
30 1.034 1.042 1.077 
40 1.027 1.033 1.069 
50 1.016 1.031 1.065 
100 0.939 0.992 1.030 





Abbreviations: 1: Extra virgin olive oil, 2: Sunflower oil, 3: Corn oil, 4: Refined olive oil 


In addition to the above mentioned changes, there is another important 
measure noticed from the spectral data, this is the shift in position of the peak at 
912.78 cm' (assigned to -HC=CH-, cis-, bending out of plane) for extra virgin olive 
oil to higher wave numbers: 914.093, 914.093, and 914.093 cm! with the increase of 
concentration of sunflower, corn, and refined olive oils, respectively as shown in 
table 2. 
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Fig. 5. The relationship between changes in Absorbance Ratio (R1118/1097 cm’) 
and concentrations of: sunflower oil (a), corn oil (b) and refined olive oil (c) 


From tables (1 and 3), the intensities of the spectral bands at 1163 cm'! 
(assigned to -C-O stretching vibration and CH2 bending vibration) increase with 
increasing adulterant concentration. The absorbance ratio (R1118/1097 cm’) 


decreased with increasing adulterant concentration. 


From the above three relations represented by figure 5, it is possible to 
determine the adulterant concentration of sunflower, corn, and refined olive oils, 
respectively by simply calculating the absorbance ratio (R1118/1097 cm!) then 


concluding its value from the linear relationship plot. 


CONCLUSION 


It is concluded that the adulteration of extra virgin olive oil can be monitored 
by using FTIR spectroscopy via measuring the changes in absorbance ratio 
(R1118/1097 cm’) of absorbance intensity and shift of peak at 912.78 cm” to higher 
wavenumber. This technique has been shown to be a powerful tool to detect the 


concentration of adulterant oil at low percentage as 5%. 
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